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ment. The embryotrophic effects of these cellular monolayers are known to be epithelium-rather than hormone-dependent In this study, we report a total of 292 mouse embryos (Papaioannou and Ebert, 1986) , and are neither speciescultured on Vero cell monolayers and 77 embryos cultured (Boland, 1984) nor organ-specific (Ménézo et al., 1990 ).
in medium alone at different preimplantation stages exam-
Others have demonstrated higher rates of blastocyst formained individually for embryonic mRNA of β-actin, intertion in embryos co-cultured with Vero cells. Ménézo et al.
leukin-1β (IL-1β), interleukin-1 receptor antagonist (icIL-
(1990) cultured poor quality human embryos with 61% reach1ra) and interleukin-1 receptor type I (IL-1RtI) using ing blastocyst stage in Vero cell co-culture versus 3% in the reverse transcription and two-step polymerase chain reaccontrol group. In another study, human embryos co-cultured
tion (RT-PCR). The rates of blastocyst formation and
with Vero cells showed a 57% rate of blastocyst formation, blastocyst hatching were both significantly higher in and 44% of the patients with previous in-vitro fertilization embryos co-cultured with Vero cells in comparison with (IVF) failures became pregnant after transfer of Vero cell cothe embryos cultured in control medium (81.2 ⍨ 2.6 versus cultured blastocysts (Ménézo et al., 1992) . Recently, a study 42.2 ⍨ 3.7%, P < 0.001; 75.6 ⍨ 2.7 versus 19.2 ⍨ 6.2%, of human chorionic gonadotrophin (HCG) production by P < 0.001 respectively). We have identified a similar pattern human embryos co-cultured with Vero cells demonstrated that of interleukin-1 family embryonic mRNA transcripts blastocyst morphology was related to their ability to hatch and expressed from the compact morula stage through to produce HCG but was not significantly influenced by the hatching blastocyst in both control and Vero cell cultured specific culture system (Turner and Lenton, 1996) . In our embryos with significantly increased icIL-1ra transcript at earlier study, mouse blastocysts co-cultured on different cell hatching blastocyst stage (P < 0.05, P < 0.001 respectively).
monolayers (Vero cells, endometrial cells and oviductal cells) There was a significant increase in IL-1β mRNA transcripts had similar hatching rates of 73-76%; higher than the 43% of embryos at hatching blastocyst stage compared to comfound in the control group (Lai et al., 1996) . Others have pact morula stage in Vero cell cultured embryos (P < 0.05).
corroborated that co-cultured embryos result in an improved These findings support the hypothesis that the IL-1 system success rate for IVF in patients who have experienced repeated is an important factor in embryo-maternal molecular implantation failure (Sakkas et al., 1994; Schillaci et al., 1994) . communication during the implantation process.
The mechanism of action by which cell monolayers enhance Key words: embryo/interleukin-1/preimplantation development/ blastocyst formation could be by removing toxins from the reverse transcription-polymerase chain reaction/Vero cells culture medium, or by secreting embryotrophic substances (Ménézo et al., 1990) , such as leukaemia inhibitory factor (LIF) (Kauma and Matt, 1995) or insulin-like growth factor Introduction binding proteins (IGFBP) (Lai et al., 1996) . Although many crucial processes during embryo implantation are not well Several specific problems are known to inhibit in-vitro embryonic development from the early cleavage stage. Loss of understood (Edwards, 1994) , recent studies strongly suggested a critical role for paracrine cytokines. Interleukin-1 (IL-1) is embryo viability and developmental block in culture medium have restricted the length of time during which embryos may a family of polypeptides comprised of IL-1α, IL-1β and an inhibitor, IL-1 receptor antagonist (IL-1ra) (Dinarello, 1988) . be cultured in vitro prior to transfer Ouhibi et al., 1990; Lai et al., 1992) . Early transfer of embryos Two IL-1 receptors (IL-1R) have been identified and characterized: IL-1R type I (IL-1RtI) (Sims et al., 1988) , which is at the 4-8-cell stage has led to asynchrony between the embryo and the maternal uterine surface, which may be correlated to found on most cells and appears to be important for transducing the action of IL-1; IL-1R type II (IL-1RtII) (Horuk and low rates of successful implantation (Ménézo et al., 1990) . Various types of co-culture systems have been devised to McCubrey, 1989) , which is also found on many cells but (Dower et al., 1986) . Two forms of with 10 IU HCG (Sigma). Female mice were mated with 12-week-IL-1ra have been identified: an intracellular form old male mice of the same strain; a single male was placed with two (Haskill et al., 1991) , which is commonly expressed in epithefemales overnight. Mating was confirmed with the presence of a lial cells; and a secretory form (sIL-1ra) (Eisenberg et al., copulation plug and mice were killed by cervical dislocation 22 h 1990). IL-1ra is a specific inhibitor which competes with IL- (Kauma et al., 1990; Simón et al., 1993a) , IL-1RtI (Simón drops of 20 µl HTF medium containing 3 mg/ml BSA covered with et al., 1993b, 1994a,b) and icIL-1ra (Simón et al., 1995) , has warm light white mineral oil (Sigma).
been documented in human endometrium. The production and (Sheth et al., 1991; Zolti et al., 1991; Austgulen et al., 1995) . Vero cell co-culture and control medium with a novel reverse
Institutes of Health (NIH) (Alonso et al., 1986; Gray et al., 1986;  transcription (RT), two-step polymerase chain reaction Sims et al., 1988; Matsushime et al., 1991) . Because of the minimal (PCR) protocol.
amount of RNA in a single embryo at different developmental stages (Hogan et al., 1994) , two pairs of primers were designed and used for each target cDNA in a two-round nested PCR protocol. Outer
Materials and methods
primer sequences for the first round of PCR and the corresponding Vero cells were obtained from American Type Culture Collection, inner primer sequences for the second round of PCR were designed Rockville, MA, USA. Viable Vero cells (1ϫ10 5 /well) were plated and synthesized at the Beckman center, Stanford University Medical into 24-well tissue culture plates 72 h prior to the introduction of Center, Stanford, CA, USA. The outer mouse β-actin primers (Clonembryos. During the initial 24 h, cells were cultured in media tech Laboratories Inc., Palo Alto, CA, USA) were used to amplify containing human tubal fluid medium (HTF medium; Irvine Scientific, this internal standard. To ensure that the product detected resulted Santa Ana, CA, USA) with 3 mg/ml bovine serum albumin (BSA; from amplification by the specific cDNA in question rather than Irvine) and Dulbecco's modified Eagle's medium (DMEM; Gibco, contamination of other cDNA, all the primers were designed to Grand island, NY, USA) with 5% fetal bovine serum (Irvine) in a include the exon and intron regions. As a positive control, the cDNA 1:1 ratio. After 24 h, wells containing Vero cells were washed twice fragments generated with the various different primers were identical with HTF medium containing 3 mg/ml BSA and maintained in the to those produced by adult mouse spleen tissue known to express same medium for the next 48 h until use. The medium was replaced these transcripts. As a negative control for specific primers with with fresh HTF medium with 3 mg/ml BSA prior to introducing mouse β-actin, a defined volume of culture medium in which the embryos through to the end of culture.
embryo was cultured, both with Vero cells and without Vero cells, Embryo collection and Vero cell co-culture i.e. control medium, as well as Vero cell RNA were extracted and subjected to the same RT-PCR reaction. To validate the result of Female 8-week-old B6C3F 1 mice were obtained from Charles River Breeding Laboratories, Inc. (Wilmington, MA, USA) and maintained Vero cell RNA in the negative control, Vero cell RNA was amplified IL-1 mRNA in single mouse embryo co-cultured with Vero cells The size of the first and second PCR product using outer and inner primers is shown in base pairs (bp).
with human β-actin primers (5Ј-end, 5Ј-ATC TGG CAC CAC ACC Embryonic RNA preparation and RT TTC TAC AAT GAG CTG CG-3Ј; 3Ј-end, 5Ј-CGT CAT ACT CCT The GeneAmp RNA PCR kit (Perkin-Elmer, Foster City, CA, USA) GCT TGC TGA TCC ACA TCT GC-3Ј, Clontech Laboratories) was used. RT master mix for each embryo was prepared containing giving a PCR product of 838 bp. The specific oligonucleotide primer 5 mM MgCl 2 , 1ϫ PCR-Buffer II, 1 mM of each dNTP (Perkinsequences are described in Table I. A representative diagram to Elmer, Foster City, CA, USA), 0.75 µM outer 3Ј primer mixture and illustrate the position of designed outer and inner pair primer binding filled in a 0.5 ml thin-walled PCR tube (Applied Scientific, San sites and the consequent cDNA fragment of IL-1β after two-round Francisco, CA, USA). RT master mix in each PCR tube was covered nested PCR is shown in Figure 1 .
with 50 µl of light white mineral oil (Sigma) and kept on ice until To detect the mRNA transcripts of single embryos with RT-PCR, the embryo collection. One single embryo carrying~1 µl of culture the 3Ј primers of each specific outer pair were mixed to a final medium was aspirated with a micropipette and transferred to the PCR concentration of 20 µM instead of oligo d(T) 16 in order to transcribe tube containing 17.5 µl RT master. Samples were immediately heated more specific cDNA fragments. For the specific primer mixtures used in a 100°C water bath for 1 min to release the total RNA from the in PCR, 3Ј and 5Ј primers of each specific outer pair for the first single embryo and to denature protein, then were cooled down to PCR and 3Ј and 5Ј primers of the each specific inner pair for the~4°C. Twenty units of RNase inhibitor (Perkin-Elmer, Foster City) and 100 units Molony Murine Leukemia Virus (M-MLV) reverse second PCR were mixed to a final concentration of 5 µM.
transcriptase (Gibco) were added prior to starting reverse transcription. The RT reaction in a total volume of 20 µl was carried out in the DNA Thermal Cycler 480 (Perkin-Elmer GeneAmp, PCR Instrument System, Branchburg) using a programme with one 15 min RT cycle at 42°C , followed by 5 min at 99°C, then quenched at 4°C. Products were stored at -20°C until the subsequent PCR.
PCR
For the first-step PCR, 2 µl of RT product from an individual embryo was added to the first PCR master mix to a total volume of 49.5 µl containing 2 mM MgCl 2 , 1ϫ PCR-Buffer II, 0.24 mM of each dNTP, 0.24 µM 3Ј and 5Ј primer mixture of each specific outer pair and covered with 50 µl light white mineral oil. PCR cycles were initiated by heating to 95°C for 5 min to denature all proteins and DNA, then at 95°C 2.5 U of AmpliTaq ® DNA Polymerase (Perkin-Elmer, Foster City) was added to a total volume of 50 µl. PCR was carried out for 30 cycles of 45 s at 94°C, 45 s at 54°C and 60 s at 72°C. The reaction was terminated at 72°C for 5min and quenched at 4°C. First- The β-actin, IL-1β, icIL-1ra, and IL-1RtI mRNA expression analysed in parallel with a 100 base pair (bp) DNA ladder (Gibco) patterns from the single mouse embryos co-cultured on Vero as a standard. After completion of electrophoresis, the gel blot was cell monolayers are shown in Figure 5 . All of the embryos at 
05). control medium
Twenty per cent of embryos at compact morula stage expressed The rates of blastocyst formation and hatching in embryos co-IL-1ra mRNA with a significant increase in the number of ILcultured with Vero cells compared with control embryos 1ra-producing embryos at expanded blastocyst and hatched cultured in HTF medium are shown in Figure 2 . Significantly blastocyst stages (P Ͻ 0.001). Figure 6 revealed a similar more embryos developed to the full expanded blastocyst and pattern of IL-1 mRNA expression by embryos cultured in hatching blastocyst stages ( Figure 3A and B) when cultured control medium. on Vero cell monolayers. The rates of both blastocyst formation and hatching were significantly higher in Vero cell co-culture Discussion compared with the embryos cultured in control medium (Stu-RT-PCR of individual mouse embryos in the present study dent's t-test: 81.2 Ϯ 2.6% versus 42.2 Ϯ 3.7%, P Ͻ 0.001; demonstrated similar embryonic expression of the IL-1 system 75.6 Ϯ 2.7% versus 19.2 Ϯ 6.2%, P Ͻ 0.001, respectively).
mRNA by embryos co-cultured with Vero cell monolayers Expression pattern of mRNA transcripts of β-actin, IL-1β, and with control medium during the preimplantation period.
icIL-1ra and IL-1RtI in individual mouse embryos at different
Although significantly more embryos cultured on Vero cell stages in Vero cell co-culture and control medium monolayers reach early and hatching blastocyst stages, there is no difference in the pattern of mRNA expression of the IL-A total of 292 embryos co-cultured on Vero cell monolayers and 77 control embryos cultured with medium alone were 1 system. Others have shown a similar increase in the number The embryonic mRNA transcripts from a single mouse embryo co-cultured with Vero cells after reverse transcription-nested PCR at 8-cell (C), compact morula (D), early expanded blastocyst (E) and hatching blastocyst (F) stages. Four corresponding bands were produced on 2% agarose gel: 407 bp (lanes 2 and 7) for β-actin, 422 bp (lanes 3 and 8) for IL-1β, 283 bp (lanes 4 and 9) for icIL-1ra, 844 bp (lanes 5 and 10) for IL-1RtI. Lanes 1 and 6 show the 100 bp DNA ladder.
of embryos reaching the later stages of development when (Jayot et al., 1995) . However, there is a significant increase in IL-1β mRNA transcripts of embryos at hatching blastocyst cultured on epithelial cells including Vero cell monolayers (Ménézo et al., 1990) , oviductal cells derived from various stage compared to compact morula stage in Vero cell cultured embryos (P Ͻ 0.05). We originally postulated that there might species (Bongso et al., 1989; Ouhibi et al., 1989) , granulosa cells (Plachot et al., 1993) and human endometrial epithelium be a difference in the pattern of cytokine expression in embryos Figure 5 . The pattern of embryonic mRNA expression in single mouse embryos co-cultured with Vero cells after reverse transcription polymerase chain reaction with β-actin, IL-1β, icIL-1ra and IL-1RtI (n ϭ 139) specific primers. †Bars represent a significantly different incidence of expression of icIL-1ra at the hatching blastocyst stage compared with early blastocyst and compact morula stages (P Ͻ 0.001).
The incidence of mRNA transcripts of IL-1β specific primers was significantly different at the hatching blastocyst stage in comparison with the embryo at the compact morula stage (*P Ͻ 0.05). CM ϭ compact morula; EB ϭ early expanded blastocyst; HB ϭ hatching blastocyst. Figure 6 . The pattern of embryonic mRNA expression in single mouse embryos cultured in human tubal fluid medium medium after reverse transcription-polymerase chain reaction with β-actin, IL-1β, icIL-1ra and IL-1R tI (n ϭ 64) specific primers. †Bars represent a significantly different incidence of expression of icIL-1ra at the hatching blastocyst stage compared with early blastocyst and compact morula stages (P Ͻ 0.05). There was no significant difference in the incidence of expression of IL-1β and IL-1RtI specific primers at different embryo stages. CM ϭ compact morula; EB ϭ early expanded blastocyst; HB ϭ hatching blastocyst.
in contact with epithelial cells but this does not appear to be presence and potential role of these cytokines as local regulators during embryonic implantation. The immunohistochemical the case with the technique used in present study.
The vital process of blastocyst implantation is clearly localization of the IL-1 family in early implantation sites provided evidence of the IL-1 system in trophoblast cells and dependent on a complex series of molecular and cellular events involving embryo-maternal communication. The IL-1 family decidual tissue (Hu et al., 1992; Simón et al., 1994a) . IL-1RtI mRNA is expressed throughout the human menstrual cycle is composed of three structurally related polypeptides; IL-1α, IL-1β, IL-1ra and two major IL-1 receptors (types I and and the mRNA level is significantly higher during the late luteal phase than during the follicular phase and midluteal II). These cytokines are involved in the regulation of cell proliferation, differentiation and programmed cell death (Van phase (Simón et al., 1993a,b) . The results obtained from immunohistochemical studies have demonstrated the localiz- Damme et al., 1989) . Several studies have demonstrated the ation of staining for IL-1β, IL-1ra and IL-1RtI in human detect even high copy number transcripts such as histone or actin by RNA blot analysis (Giebelhaus et al., 1983) . In the oocytes and embryos at all the developmental stages (De los Santos et al., 1996) . The present study documents the preimplantation mouse embryo, the developmental expression of platelet-derived growth factor, transforming growth factor developmental increase in cytokine expression and supports the hypothesis that the IL-1 system provides important (TGF)-α and TGF-β mRNA at blastocyst stage has been demonstrated by RT-PCR using small numbers of embryos embryotrophic factors and molecular signals during implantation interactions between the embryo and maternal endomet- (Rappolee et al., 1988) . Detecting mRNA from a small volume of cell suspension without an RNA extraction step by PCR rium. It is interesting that significantly more embryos at both morula and blastocyst stages expressed icIL-1ra mRNA than has been reported (Kumazaki et al., 1994) . In this study, we use a novel RT and nested PCR with two pairs of primers to the agonist, IL-1β, or the receptor, IL-1RtI. In other studies, endogenous levels of IL-1ra may be present in 100-fold molar detect mRNA transcripts from a single embryo. Two-round PCR at 30 cycles can also prevent the heteroduplex formation excess over those of IL-1β (Dinarello, 1994) . Furthermore, this study does not address the quantitative expression of that can occur at higher numbers of PCR cycles, which can seriously confound the results (Tsai and Wiltbank, 1996) . We agonist versus antagonist. We know that blockade of the IL1RtI with IL-1ra in mice prevented implantation without an used β-actin mRNA expression by each embryo as a positive control to validate the RNA expression of cytokines. The adverse effect on blastocyst formation or embryonic attachment (Simón et al., 1994c) . Further studies examining the ability approach is very sensitive and provides reliable data regarding the cDNA fragment from each individual embryo. of individual embryos with different patterns of cytokine expression to implant successfully in the mouse uterus may In summary, the purpose of this study was to document the expression of the IL-1 agonist, antagonist and receptor in eventually elucidate the roles of IL-1β and IL-1ra in implantation.
individual mouse embryos and to examine the pattern of expression during development from 8-cell stage through to Feeder monolayer cells of different origins such as bovine tubal cells, human tubal epithelium, Vero cell and human hatching blastocyst. In mouse embryos cultured on Vero cell monolayers or in medium alone, increasing numbers endometrial epithelium have been demonstrated with beneficial effects on preimplantation embryo development when used in of embryos expressed IL-1ra during development, reaching maximal expression (73 and 79%, respectively) at the hatching co-culture (Wiemer et al., 1989; Bongso et al., 1990; Ménézo et al., 1990; Ouhibi et al., 1990; Plachot et al., 1994; Jayot et blastocyst stage. IL-1β was also expressed by more embryos as development proceeded, although significantly fewer (22 al., 1995) . Many studies have examined co-culture with Vero cells. Our demonstration of superior embryo development with and 21%, respectively) expressed the agonist at the hatching blastocyst stage. Expression of the receptor IL-1RtI remained Vero cell co-culture is compatible with reports of embryos cocultured with human zygotes (Ménézo et al., 1990 (Ménézo et al., , 1992 . In low and constant during embryonic development, thus we have documented increasing mRNA expression of the IL-1 agonist another study, 2-cell mouse embryos co-cultured with Vero cells resulted in a higher rate of embryo development to early and antagonist in single preimplantation mouse embryos. These findings also support a putative autocrine-paracrine role for expanded blastocyst and hatching blastocyst stages, similar to our finding (Lai et al., 1992) . In addition, the lower rate of the IL-1 system in embryo-maternal communication during the implantation process. blastocyst formation and hatching blastocysts in control embryos may be due to the rapid development of embryos cocultured with Vero cells in comparison to embryos cultured in Acknowledgements HTF medium when the blastocysts were retrieved simultan- cells (epithelial cells derived from the Green monkey kidneys) may be due to a common embryological origin with genital References tract epithelium. It is interesting to speculate that the IL-1 Alonso, S., Minty, A., Bourlet, Y. et al. (1986) Comparison of three actinsystem 'dialogue' during the embryonic-maternal communicacoding sequences in the mouse: evolutionary relationships between the tion may be relevant for embryo implantation. Further study actin genes of warm-blooded vertebrates. J. Mol. Evol., 23, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] might include the transfer of some of the blastocysts from Austgulen, R., Arntzen, K.J., Vatten, L.J. et al. (1995) Detection of cytokines (interlukin-1, interleukin-6, transforming growth factor β) and soluble tumor both the Vero and control groups to pseudopregnant mice uteri, necrosis factor receptors in embryo culture fluids during in-vitro fertilization.
and the opportunity to relate the IL-1 concentration to with Hum. Reprod., 10, [171] [172] [173] [174] [175] [176] implantation sites. This may provide evidence that IL-1 could Boland, M.P. (1984) Use of the rabbit oviduct as a screening tool for the be used as a marker possibly to investigate embryo inviability of mammalian eggs. Theriogenology, 21, 126-137. Bongso, A., Ng, S.C., Sathanathan, H. et al. (1989) number has not been obtained before in preimplantation Bongso, A., Ng, S.C. and Ratnam, S.S. (1990) Co-cultures: their relevance to assisted reproduction. Hum. Reprod., 5, [893] [894] [895] [896] [897] [898] [899] [900] embryos. In earlier studies, many embryos were required to
